Background The association between exacerbations of asthma and weather or air pollution is not well understood. The relationships between visits to the emergency room for asthma attacks and the meteorological, aerobiological, and chemical characteristics of the outdoor air have been evaluated. Methods The number of daily attendances for asthma attacks at the emergency room of Oulu University Central Hospital was recorded over one year together with daily meteorological readings (temperature, humidity, barometric pressure, rainfall), levels of air pollutants (nitrogen dioxide (NO2), sulphur dioxide (SO2), hydrogen sulphide (H2S), total suspended particles (TSP)), and pollen counts (birch, alder, pine, willow, total pollen). The relationship between the number of attendances and the measured variables was then analysed by multiple regression and stepwise discriminant analysis. Results The total number of attendances during the year was 232, with lower figures in summer and higher in winter. No association was found between visits for asthma attacks and airborne pollen levels or meteorological factors except for temperature, which had a low inverse correlation with attendance. The most significant correlations were found between asthma visits and the levels of NO2; those for S02, TSP, and H2S were also significant. Intercorrelations between SO2 and temperature or NO2 and between temperature and TSP or NO2 were also found, but only NO2 correlated significantly with attendances after standardisation for temperature.
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Conclusions Increased levels of pollutants, especially NO2, were associated with attacks of asthma, but the explanation for this is unclear. Air pollen levels were not associated with asthma attacks and only temperature among the meteorological factors had a small association with asthma. (Thorax 1993; 48:244-248) Although morbidity and mortality from asthma seem to be increasing in many countries the causes of these increases are not clear.' 2 The importance of virus infections in exacerbations of asthma has been shown by many authors,3-' but the role of weather conditions, pollen, and other air pollutants remains controversial, even though a number of asthma "epidemics" suggest that environmental factors often trigger exacerbations.-"
Weather changes may affect the airways directly by cooling or irritating them or indirectly by influencing the level of airborne irritants and allergens. Exacerbations of asthma have been shown to correlate with low temperature and humidity'0 or a sudden fall in temperature,'2 13 and associations between asthma admissions and low or high barometric pressure'4 1 ' and rainfall have also been observed.6 14 Levels in the air of grass and ragweed pollen and fungal spores are associated with increased symptoms in susceptible subjects.'6 1 ' Levels of small particle antigenic material in the air correlate with temperature and relative humidity, so the interaction of pollen with weather may account for some of the difficulties encountered in demonstrating their effects on asthma. '8 The prevalence of asthma and the frequency of symptoms have been found to be higher in polluted than in non-polluted areas, '9 20 and an association of symptoms with specific contaminants-for example, sulphur dioxide or nitrogen dioxide-has been shown experimentally.2' 22 Table 2 Pearson correlation coefficients between pollutants or weather variables and daily visits for asthma attacks on the previous day, the same day (day of attack) and the next two days during the whole year and also on the same day as an attack separately in summer and in winter (24 hour mean concentrations) and daily maxima (largest one hour mean concentration during the day). The average daily means and means of daily maxima are shown in table 1, which also indicates the air quality guidelines developed by the WHO. The weekly mean concentrations of SO, and NO, are shown in the figure, together with mean weekly temperatures and weekly numbers of attendances. The concentrations of SO,, TSP, and NO, were correlated with temperature: r = -06 6, -0 53, and -0A44 respectively (p < 0 001). Significant correlations were observed between NO, and SO2 (r = 0-48, p < 0 001) and between SO, and TSP (r = 0-31, p < 001). No association was found between concentrations of pollen in the air and attendances for attacks of asthma, the former being highest in early summer, when the number of attendances was low. The correlations between daily attendances and the meteorological variables and the air concentrations of pollutants are presented in table 2. Of the meteorological variables recorded, a low but significant correlation was found only between attendances and humidity or temperature. Attendances during the whole year were most closely correlated with levels of NO, (r = 020, p < 0-001) and significant correlations also existed with SO, and TSP. The significance of the correlations disappeared with a lag of one or two days for pollutants other than NO,. In view of the great variation in attendances and measured variables during the year, the associations were also evaluated separately for the winter and summer periods.
Only the correlation for NO, remained significant in winter and that for TSP in the summer period. For control purposes correlations were also calculated between the concentrations on a given day and attendances on the previous day, and these were definitely lower for all the pollutants. Since the number of daily attendances was low, correlations were also calculated between weekly numbers of attendances and weekly mean concentrations of the pollutants (table 3) . These were much higher for all the factors measured but only H,S became significant in addition to those identified on a daily basis. Partial correlations after standardisation for temperature are also shown in table 3, as are the correlations between pollutants or weather variables and all emergency room visits (both for asthma and all other medical conditions) for control purposes.
To evaluate the relative importance of the various factors measured multiple regression analyses and discriminant analyses were carried out both for the whole year and separately for the winter and summer periods. In the stepwise procedure on a daily basis for the whole year only NO, was significantly associated with admissions (p < 0O00 1). In winter there was an almost significant correlation for temperature (p < 0.05) in addition to that for NO2, and in summer the temperature was most strongly associated with admissions (p < 0-01) followed by H,S (p < 0 05). The results of the stepwise discriminant analysis were similar; only NO, was selected in the discriminant function. The days with infrequent attendances were correctly classified in 71 % of cases, but those with frequent attendances in only 46% of cases. The results of the regression analysis in which only pollutants and temperature are included are shown in table 4.
Discussion
The attendances recorded here represent the number of severe attacks of asthma in the area as the University Hospital was the only emergency unit available and all asthma patients visiting the emergency room were included whether subsequently admitted to hospital or discharged directly. The quality of the air around Oulu has been monitored since 1970 so the methods used and the network of measurement points have been developed to obtain as accurate a picture as possible of the sources and levels of the main pollutants. The use of a Burkard trap to measure pollen concentration is a widely accepted method and the location of the trap makes it relatively representative of conditions in the area as a whole.
A seasonal variation in asthma attacks has been noted on many previous occasions-26 but its causes are unknown. The single year of the present survey makes the evaluation of seasonal factors difficult, but attendances were lower in summer and higher in winter. Associations between asthma exacerbations and meteorological factors have been reported elsewhere. Carey and Cordon'2 reported an association between asthma attacks and relative humidity, north easterly winds, and temperature in Bermuda even though temperature varied only from + 16°C to + 27°C. The variation in temperature in this study was much greater (daily means from -28°C to + 28°C) and the association with attendances was closer in the warm summer period than in the winter. This may be because patients spend more time indoors in winter than in summer.
The symptoms of asthma in children in Austria have been shown to increase with levels of pollen in the air, particularly when the concentration of fungal spores was included.28 We did not measure spore counts, but found no relationship between attendance and pollen counts, total pollen in the air being highest in June when there were fewer asthma attacks. Our series consisted of adults of whom about 40% were atopic, so the reason for this discrepancy may be related to the age of the patients and their type of asthma.
Higher frequencies and more severe forms of asthma have been observed in polluted than in non-polluted areas in some previous reports.20 21 Although the association with individual pollutants varies, SO, has been most convincingly documented as detrimental for asthma. The evidence comes both from epidemiological surveys pointing to an association between asthma exacerbations and SO, concentrations in the air'0 26 31 and from experiments in which asthmatic patients have been found to be more sensitive to SO, than non-asthmatic patients.2' 32 3 We found a significant correlation between emergency attendances and levels of SO, and this relationship became closer in winter than in summer. This difference is obviously due to the high intercorrelation between temperature and SO2 levels, and suggests a combined effect of these two variables in asthmatic patients.
There are fewer epidemiological surveys in which an association has been found between asthma admissions and levels of NO2 in the air," 34 and most of those with negative results were carried out under different climatic conditions from those in the present study. Experimental exposure to nitrogen oxides has shown that concentrations as low as 0 30 ppm increase the subsequent response to cold air in asthmatic patients.3' In spite of the relatively low concentrations of pollutants in the Oulu air we found a significant correlation between emergency room attendances and levels of NO2, which was stronger in winter than in summer. The low winter temperatures in Oulu may explain these results, which are in agreement with those obtained in an investigation into levels of pollutants and asthma admissions in Helsinki34 with similar weather and pollutant levels.
The mechanisms by which pollutants exert their effects on asthma are not clear, but the finding that small concentrations of NO, in inhaled air (210 mg/m3) increase airway responsiveness to carbacholine36 or cold35 and create an inflammation detectable by bronchoalveolar lavage37 may represent a characteristic feature of the background effect of low level pollution on asthma. Current air pollution levels may be too low to cause attacks of asthma but they may irritate the airways and make them more sensitive to other triggers such as infection, allergens, or meteorological factors.
In summary, neither weather changes nor pollen levels directly precipitate severe attacks of asthma in adults. Air pollutants, especially NO2, seem to be associated with such exacerbations, but their interaction with meteorological factors makes it difficult to confirm the role of any one specific factor. These results obtained at relatively low air pollution levels nevertheless suggest that they do play some part in severe exacerbations of asthma and should be taken into account when standards for air pollution are reviewed. 
